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An optical fiber type polarizer comprising an 
optical birefringent fiber (121, 128) having a 
winding start and a winding end, the birefrin- 
gent fiber being wound at a predetermined 
radius and the winding start and end being 
fixed by an adhesive (122), a first optical fiber 
(49) being fusion connected to a short extra 
portion extending from said winding start, and a 
second optical fiber (50) being fusion connec- 
ted to a short extra portion extending from said 
winding end. 
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FIELD OF THE INVENTION 

The present invention relates to a polarizer that 
converts the state of polarization of light to linearly 
polarized light, and more particularly to an optical fib- 
er type polarizer constructed by an optical fiber hav- 
ing a characteristic of double refraction. The present 
invention also relates to an apparatus and method for 
fabricating the optical fiber type polarizer. Further, 
the present invention relates to an inspection appara- 
tus that is suitable for inspecting characteristics of the 
optical fiber type polarizer. 

DESCRIPTION OF THE PRIOR ART 

If, as shown in Fig. 38(a), the clad layer 27a of an 
optical fiber 27 is covered with an elliptical clad 27b, 
anisotropic stress can be applied steadily and contin- 
uously to the interior of the optica! fiber, and an "opt- 
ical birefringent fiber" having a characteristic of high 
double refraction can be made by photoelastic effect 
(when mechanical stress is applied to normally iso- 
tropic substances such as plastic or glass, photoelas- 
tic stress is produced and causes double refraction). 
Another example of a conventional optical birefrin- 
gent fiber 28 is shown in Fig. 38(b). The fiber 28 is 
covered with a clad layer 28a having embedded 
therein elements 28b through which mechanical 
stress is applied. 

If light passes through the optical birefringent fib- 
er, it is to be resolved into a Y polarized wave compo- 
nent having an electric vector along the X axis and a 
X polarized wave component having an electric vector 
along the Y axis. By applying a predetermined bend- 
ing force to the birefringent fiber (generally, by wind- 
ing the fiber at a small radius on a reel), a large ex- 
tinction ratio can obtained between the two polarized 
wave components, so that an "optical fiber type po- 
larizer" can be produced which is less loss and higher 
operating performance than a conventional polarizer 
(e.g., birefringent prism) using a crystal such as cal- 
cite. 

Fig. 39 illustrates a typical characteristic of wave- 
length of the light transmitted by the optical fiber type 
polarizer. As shown in this figure, the X polarized 
wave component is largely attenuated in a wave- 
length region of more than 800 nm (nanometer), while 
the Y polarized wave component starts attenuating at 
a wavelength of 1000 nm. That is, in the region A be- 
tween a wavelength of 800 nm and a wavelength of 
1 000 nm, most of the X polarized wave component is 
disappeared and linearly polarized light having the Y 
polarized wave component only is to be transmitted. 

The optical fiber type polarizer is used in various 
optical systems that require a single linearly polarized 
light beam. A typical example is an optical fiber gyro 
using the Sagnac effect that a time difference St be- 
tween the time it takes a clockwise light beam to prop- 



agate through an optically closed circuit being rotat- 
ing and the time it takes an counterclockwise light 
beam to propagate through the closed circuit is pro- 
portional to a rotational angular velocity CI of the ro- 

5 tating closed circuit. 

Fig. 40 is a block diagram used to explain the 
principles of a conventional optical fiber gyro. The opt- 
ical fiber gyro comprises a light source 1, an optical 
fiber type polarizer 2, a first beam splitter 3a, a sec- 

10 ond beam splitter 3b, an optical fiber loop 4 (an opti- 
cally closed circuit), a phase modulator 5, and a pho- 
todetector 6. A coherent light beam (e.g., laser beam) 
generated by the light source 1 is transmitted to the 
optical fiber type polarizer 2 and the photodetector 6 

is through the first beam splitter 3a. The light from the 
optical fiber type polarizer 2 is transmitted to the sec- 
ond beam splitter 3b, in which the coherent light beam 
is divided into a clockwise light beam P R and a coun- 
terclockwise light beam P L . The clockwise light beam 

20 P R propagates clockwise through the optical fiber 
loop 4, while the counterclockwise light beam P L prop- 
agates counterclockwise through the optical fiber 
loop 4. The phase modulator 5 is provided between 
the beam splitter 3 and the optical fiber loop 4 so that 

25 the clockwise light beam P R is phase modulated after 
it propagates through the loop 4 and the counter- 
clockwise light beam P L is phase modulated before it 
propagates through the loop 4. 

After propagation, the intensities of the two light 

30 beams P R and P L transmitted from the beam splitter 
3 are measured by the photodetector 6. The measure- 
ment values are proportional to a sine of phase differ- 
ence of both light beams (sinSO, SO = 2rc(optical path 
length difference of clockwise and counterclockwise 

35 light beams)/waveiength), and the optical path length 
difference of clockwise and counterclockwise light 
beams is given in accordance with the Sagnac effect 
by equation (1): 

Optical path length difference = cSt = 4AO/c (1) 
40 where c is t he speed of light and A is an area enclosed 
by the closed optical path (optical loop) . Therefore, 
the rotational angular velocity Q applied to the optical 
fiber loop 4 can be detected accurately, and an optical 
fiber gyro can be provided which is suitable for use in 
45 an inertia! navigation system that detects the current 
location of a vehicle such as aircraft, ships and auto- 
mobiles. 

For element parts such as electronic parts and 
mechanical parts, it is generally required that a 

50 change of characteristics does not occur when they 
are mounted in a system, the production yield thereof 
is high and the inspection processing thereof is sim- 
ple and accurate. These requirements are also ap- 
plied to the optical fiber type polarizer which is one of 

55 the element parts. 

Fig. 41 schematically illustrates a conventional 
optical fiber type polarizer. As described above, in the 
optical fiber type polarizer, it is necessary to apply a 
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predetermined bending deformation to the optical bi- 
refringent fiber. For the optical fiber type polarizer 
shown in Fig. 41 , a bending deformation has been ap- 
plied steadily to the optical fiber 12 by winding it on a 
small-diameter bobbin holder 11. The winding start 
and winding end of the birefringent fiber 12 are fixed 
by an adhesive 13 (e.g., silicon adhesive). 

When the optical fiber type polarizer is incorpo- 
rated into an optical system such as an optical fiber 
gyro, the covering jacket of the end portion of the opt- 
ical birefringent fiber 12 is removed and then there is 
required an fusing operation forf irmly bonding the ex- 
posed end portion, which is comprised of a core por- 
tion and a clad portion, to the end of another optical 
fiber. Since in the fusing operation the axial alignment 
of the birefringent fiber whose core portion is very 
small in diameter is very difficult, the optical birefrin- 
gent fiber 12 must be formed at the opposite end por- 
tions thereof with extra portions 12a and 12b so that 
the fusing operation can be performed again if it 
should fail. However, when such extra portions 12a 
and 12b are incorporated into the optical fiber gyro, 
they are inevitably subjected to external forces caus- 
ing tensile, bending and torsional deformations. If 
such deformations are temporary deformation, there 
is no problem, but they remain unremoved depending 
on the positional relationship between individual com- 
ponents, working conditions and the like. As a result, 
there is the problem that the characteristics (loss, ex- 
tinction ratio, etc.) of the optical fiber type polarizer 
are varied by the residual deformations. 

For the purpose of preventing the external forces 
applied to the extra portions 12a and 12b from being 
transmitted to the wound portions of the birefringent 
fiber 12, the winding start and end of the birefringent 
fiber 12 are hardened with the adhesive 1 3. However, 
since the portion of the birefringent fiber 12 to be ad- 
hered is limited only to the winding start and end 
thereof, the prevention of the transmission of the ex- 
ternal forces from the extra potions 12a and 12b to 
the wound portions of the f iber 12 is not always per- 
fect Therefore, if, for example, the extra portions 12a 
and 12b are subjected to torsional deformation or the 
adhesive 1 3 is not applied uniformly, the torsional de- 
formation is transmitted to the winding start and end 
of the fiber 12, so that the characteristics of the opt- 
ical fiber type polarizer are varied. 

In addition, in winding the optical birefringent fib- 
er 12 on the bobbin holder 11, it is necessary to pre- 
vent torsion of the axial center of the optical fiber 12. 
A well-known cable winding technique in which a 
cable is wound along a line marker marked on the 
cable along the cable center is applicable to the pre- 
vention of the optical fiber torsion. However, since in 
this technique the prevention of torsion is visually in- 
spected and the optical fiber is much smaller in diam- 
eter than a general cable, the inspection is not always 
satisfactory, so that the aforementioned problem of 



the production yield cannot be solved. 

The polarization characteristic of the optical fiber 
type polarizer itself can be inspected by a method 
such as that shown in Fig. 42. Light from a light source 

5 20 passes through an optical fiber type polarizer 21 
to be inspected. The transmitted light by the polarizer 
21 then passes through an analyzer 22. Finally, the 
transmitted light by the analyzer 22 is detected by an 
optical detector 23. The maximum light quantity P^ 

w and the minimum light quantity P mln of the transmitted 
light are measured. The minimum light quantity P^ 
of the transmitted light is one which is obtained by ro- 
tating the analyzer 22 by 90° from the main axis di- 
rection thereof as P^ was measured. A ratio of P max 

15 and P mln is defined as an extinction ratio. 

A conventional inspection method such as that 
shown in Fig. 42, however, has the disadvantages 
that an accurate extinction ratio cannot be measured 
in a case where, as shown in Fig. 43, optical elements 

20 25 and 26 such as a single-mode optica] fiber are at- 
tached to the both sides of the polarizer 24. That is, 
in general, even if incident light were linearly pola- 
rized light, an optical coupling between two orthogo- 
nal polarized components crossing each other would 

25 occur in the inside of the optical fiber, so that the state 
of polarization of the light transmitted from the optical 
fiber becomes elliptically polarized light The same 
problem occurs undoubtedly of an anisotropic optical 
fiber, and also occurs even in case of an isotropic opt- 

30 ical fiber, because it has a slight anisotropy due to 
stresses produced during manufacture. Therefore, 
even if P^ ana" P mln are measured with the construc- 
tion of Fig. 43, the values measured would be based 
on elliptically polarized light, so that the values do not 

35 represent the extinction ratio of the polarizer 24 ac- 
curately. 

It is, accordingly, an important object of the pres- 
ent invention to provide an optical fiber type polarizer 
which does not change in its characteristics when in- 
40 corporating into an optical system. 

It is another important object of the present in- 
vention to provide an optical fiber type polarizer 
whose production yield is high. 

It is still another important object of the present 
45 invention to provide a simple and accurate inspection 
method of inspecting a polarizer (particularly, an opt- 
ical fiber type polarizer) that is connected to other 
optical medium when the polarizer is incorporated 
into an optical system. 

50 

SUMMARY OF THE INVENTION 

In accordance with one important aspect of the 
present invention, there is provided an optical fiber 
55 type polarizer comprising an optical birefringent fiber 
having a winding start and a winding end, the birefrin- 
gent fiber being wound at a predetermined radius and 
the winding start and end being fixed by an adhesive, 
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a first optical fiber being fusion connected to a short 
extra portion extending from the winding start, and a 
second optical fiber being fusion connected to a short 
extra portion extending from the winding end. In this 
structure, the length of the extra portions that are 
easily subjected to bending and torsional deformation 
can be made as short as possible. Consequently, in 
the working condition and the like as the optical fiber 
type polarizer is incorporated into an optical system, 
it is not necessary to take an occurrence of unexpect- 
ed loss into consideration. For this reason, the design 
and fabrication requirements can be alleviated, so 
that an optical fiber type polarizer can be provided 
which can be easily incorporated into an optical sys- 
tem. In addition, the required length of an expensive 
birefringent fiber (over ten times higher in price than 
a single-mode optical fiber) can be reduced to a mini- 
mum and accordingly the overall production cost thus 
reduced. 

In a case where each of the first and second opt- 
ical fiber comprises a second optical birefringent fib- 
er, the second birefringent fiber is smaller in index of 
double refraction than the birefringent fiber wound at 
the predetermined radius. 

In accordance with another important aspect of 
the present invention, there is provided an optical fib- 
er type polarizer comprising a bobbin holder, an opt- 
ical birefringent fiber having a winding start and a 
winding end, the birefringent fiber being wound at a 
predetermined radius on the bobbin holder and the 
winding start and end being fixed by an adhesive, a 
first optical fiber being fusion connected to a short ex- 
tra portion extending from the winding start, and a 
second optical fiber being fusion connected to a short 
extra portion extending from the winding end. 

The bobbin holder may have members mounted 
at the opposite ends thereof. In such case, the short 
extra portion extending from the winding start and the 
short extra portion extending from the winding end 
are f ixed on the members. 

The optical birefringent fiber wound on the bob- 
bin holder may have a cross section other than a cir- 
cular shape. 

The bobbin holder may have a cylindrical body 
formed at its outer surface with a recess extending in 
an axial direction of the cylindrical body, and the cyl- 
indrical body may be made from an elastic member. 

In accordance with another important aspect of 
the present invention, there is provided a method of 
fabricating an optical fiber type polarizer comprising 
the steps of passing an optical birefringent fiber hav- 
ing a cross section other than a circular shape 
through an aperture having the same cross section 
as that of the optical birefringent fiber, and winding 
the optica] birefringent fiber on a bobbin holder having 
a predetermined diameter. 

In accordance with another important aspect of 
the present invention, there is provided an apparatus 



for inspecting a polarizer, comprising optical means 
for introducing a variable phase difference between 
two polarized wave components of linearly polarized 
light crossing at right angles and for giving a variable 
5 rotation of a plane of polarization between the two po- 
larized wave components, and means for calculating 
an extinction ratio of the polarizer from a ratio of the 
maximum and minimum values of a light intensity of 
the linearly polarized light transmitted through an in- 
to spection sample including the polarizer. The polarizer 
may comprise an optical fiber type polarizer. 

In accordance with still another important aspect 
of the present invention, there is provided an appara- 
tus for fabricating an optical fiber type polarizer, corn- 
is prising a supply drum for feeding an optical birefrin- 
gent fiber, and a bobbin holder on which the optical 
birefringentfiberfed by the supply drum is wound, the 
birefringent fiber having a slackened portion between 
the supply drum and the bobbin holder. 
20 Since the tension of the slackened portion of the 

birefringent fiber becomes substantially zero, twists 
in the birefringent fiber can be removed by the restor- 
ing force of the fiber itself. The removal ability of 
twists depends upon the length of the slackened por- 
25 tion of the birefringent fiber, so it is preferable to make 
the slackened portion as long as possible. If the sup- 
ply drum is moved in the axial direction thereof so 
that the birefringent fiber being unwound from the 
supply drum becomes straight, an occurrence of 
30 twists can be prevented. 

In accordance with a further important aspect of 
the present invention, there is provided a method of 
fabricating an optical fiber type polarizer, comprising 
the steps of winding an optical birefringent fiber on a 
35 bobbin holder, the fiber having a winding start and a 
winding end, fixing the winding start and end of the 
optical birefringent fiber on the bobbin holder by an 
adhesive, immersing the bobbin holder in resin solu- 
tion, and removing the bobbin holder from the resin 
40 solution and then placing the removed bobbin holder 
on a base plate. 

In this fabrication method, the fixation of the bob- 
bin holder and the fixation of the short extra portions 
extending from the winding start and end of the bire- 
45 fringent fiber can be made at the same time by simple 
steps of immersing the bobbin holder in the resin sol- 
ution, placing the bobbin holder on the base plate and 
hardening the resin around the bobbin holder. There- 
fore, the time needed for fabrication can be shortened 
so and the working efficiency thus enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawbacks of a conventional optical fiber 
55 type polarizer and the features and advantages of an 
optical fiber type polarizer according to the present 
invention will be more clearly understood from the fol- 
lowing description taken in conjunction with the ac- 
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companying drawings in which: 

FIG. 1 is a schematic view showing an optical fib- 
er gyro into which an optical fiber type polarizer 
may be incorporated; 

FIG. 2 is a plan view showing the optical fiber 5 
gyro in its assembly state; 
FIG. 3 is a perspective view showing the optical 
fiber type polarizer of FIG. 1; 
FIG. 4 is a diagram used to explain a method of 
fabricating the optical fiber type polarizer; 10 
FIG. 5 is a perspective view showing a modifica- 
tion of the optical fiber type polarizer of FIG. 3; 
FIG. 6(a) is a perspective view showing a second 
embodiment of the optical fiber type polarizer ac- 
cording to the present invention; is 
FIG. 6(b) is a plan view showing the optical fiber 
type polarizer of FIG. 6(a); 
FIG. 7(a) is a perspective view showing one mod- 
ification of the optical fiber type polarizer of FIG. 
6(a); 20 
FIG. 7(b) is a plan view showing the optical fiber 
type polarizer of FIG. 7(a); 
FIG. 8(a) is a perspective view showing another 
modification of the optical fiber type polarizer of 
FIG. 6(a); 25 
FIG. 8(b) is a plan view showing the optical fiber 
type polarizer of FIG. 8(a); 
FIG. 9(a) is a perspective view showing another 
modification of the optical fiber type polarizer of 
FIG. 6(a); so 
FIG. 9(b) is a plan view showing the optical fiber 
type polarizer of FIG. 9(a); 
FIG. 10(a) is a perspective view showing another 
modification of the optical fiber type polarizer of 
FIG. 6(a); 35 
FIG. 1 0(b) is a plan view showing the optical fiber 
type polarizer of FIG. 10(a); 
FIG. 11(a) is a perspective view showing a third 
embodiment of the optica! fiber type polarizer ac- 
cording to the present invention; 40 
FIG. 11(b) is a plan view showing the optica! fiber 
type polarizer of FIG. 11(a); 
FIG. 12 is a part-sectional view of the bobbin 
holder of the optical fiber type polarizer of FIG. 
11(a); 45 
FIG. 13 is a part-sectional view, on an enlarged 
scale, of the optical birefringent fiber of FIG. 12; 
FIG. 14 is a part-sectional view, on an enlarged 
scale, of the birefringent fiber f ixed in the recess 
of Fig. 11(a) by an adhesive; so 
FIG. 15 is a diagram used to explain how the bi- 
refringent fiber is wound on the optical fiber type 
polarizer of the third embodiment of the present 
inventbn; 

FIG. 16 is a part-sectional view, on an enlarged 55 
scale, of one modification of the optical fiber type 
polarizer according to the third embodiment of 
the present invention; 



FIG. 17 is a part-sectional view, on an enlarged 
scale, of another modification of the optical fiber 
type polarizer according to the third embodiment 
of the present invention; 
FIG. 18 is a part-sectiona! view, on an enlarged 
scale, of another modification of the optical fiber 
type polarizer according to the third embodiment 
of the present invention; 
FIG. 19 is a part-sectional view, on an enlarged 
scale, of another modification of the optical fiber 
type polarizer according to the third embodiment 
of the present invention; 
FIGS. 20(a)-20(c) are perspective views showing 
a fourth embodiment of the optica! fiber type po- 
larizer according to the present invention; 
FIGS. 21(a)-21(c) are perspective views showing 
one modification of the optical fiber type polarizer 
according to the fourth embodiment of the pres- 
ent invention; 

FIGS. 22(a)-22(b) are perspective views showing 
another modification of the optical fiber type po- 
larizer according to the fourth embodiment of the 
present invention; 

FIGS. 23(a)-23(b) are diagrams showing another 
modification of the optical fiber type polarizer ac- 
cording to the fourth embodiment of the present 
invention; 

FIG. 24 is a perspective view showing another 
modification of the optical fiber type polarizer ac- 
cording to the fourth embodiment of the present 
invention; 

FIGS. 25(a) and 25(b) are diagrams showing the 
external appearance of the optical fiber type po- 
larizer according to a fifth embodiment of the 
present invention; 

FIG. 26 is a schematic view illustrating a winding 
apparatus for winding an optical fiber type polar- 
izer according to a six embodiment of the present 
invention; 

FIG. 27 is a plan view illustrating the supply drum 
of FIG. 26; 

FIGS. 28 and 29 are schematic views a fabrica- 
tion method of an optical fiber type polarizer ac- 
cording to a seventh embodiment of the present 
invention; 

FIGS. 30(a) and 30(b) are diagrams used to ex- 
plain the principles of an inspection apparatus ac- 
cording to an eighth embodiment of the present 
invention; 

FIG. 31 is a schematic diagram illustrating the in- 
spection apparatus according to the eighth em- 
bodiment of the present invention; 
FIG. 32 is a schematic diagram illustrating one 
modification of the inspection apparatus accord- 
ing to the eighth embodiment of the present in- 
vention; 

FIG. 33 is a schematic diagram illustrating an- 
other modification of the inspection apparatus 
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according to the eighth embodiment of the pres- 
ent invention; 

FIG. 34 is a schematic diagram illustrating an- 
other modification of the inspection apparatus 
according to the eighth embodiment of the pres- 5 
ent invention; 

FIG. 35 is a schematic diagram illustrating an- 
other modification of the inspection apparatus 
according to the eighth embodiment of the pres- 
ent invention; 10 
FIG. 36 is a schematic diagram illustrating an- 
other modification of the inspection apparatus 
according to the eighth embodiment of the pres- 
ent invention; 

FIG. 37 is a schematic diagram illustrating an- 15 
other modification of the inspection apparatus 
according to the eighth embodiment of the pres- 
ent invention; 

FIG. 38(a) is a schematic view illustrating a con- 
ventional optical fiber having a characteristic of 20 
double refraction; 

FIG. 38(b) is a schematic view illustrating another 
conventional optical fiber having a characteristic 
of double refraction; 

FIG. 39 is a graph illustrating a typical wave- 25 
length characteristic of the light transmitted 
through a conventional optical fiber type polariz- 
er 

FIG. 40 is a block diagram used to explain the 
principles of a conventional optical fiber gyro; 30 
FIG. 41 is a schematic view illustrating a conven- 
tional optical fiber type polarizer; 
FIG. 42 is a schematic view illustrating a conven- 
tional polarization characteristic inspection meth- 
od in which the polarization characteristic of the 35 
optical fiber type polarizer is inspected; and 
FIG. 43 is a diagram used to explain problems in- 
evitably inherent in the conventional method of 
FIG. 42. 

40 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 1 schematically illustrates an optical fiber 
gyro into which an optical fiber type polarizer may be 45 
incorporated. The optical fiber gyro comprises a light 
source 30 for generating a coherent light beam such 
as a laser beam, a first optical two-branch coupler 31 f 
an optical fiber type polarizer 32, a second optical 
two-branch coupler 33, a phase modulator 34, an opt- so 
ical fiber loop 35, and a photodetector 36. The second 
optical two-branch coupler 33 has a light branch func- 
tion of branching an incident light beam of the termi- 
nal a into two light beams. The two light beams are 
outputted through the terminals b and d of the second 55 
coupler 33. The second optical two-branch coupler 33 
also has a light coupling function of coupling two in- 
cident light beams of the terminals b and d. The cou- 
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pled light beam is outputted through the terminal a 
and c of the second optical coupler 33. Likewise, the 
first two-branch coupler 31 has the same branch and 
coupling functions as the second coupler 33, but in 
this embodiment it is used for connecting the termi- 
nals a and b and connecting the terminals c and d. 

The laser beam from the light source 30 is trans- 
mitted through the first optical two-branch coupler 31 
to the optical f iber type polarizer 32, in which the laser 
beam is linearly polarized. The linearly polarized light 
beam from the polarizer 32 is branched into two light 
beams by the second optical two-branch coupler 33. 
The branched light beam from the terminal b propa- 
gates through the optical fiber loop 35 in the clock- 
wise direction shown in Fig. 1 and returns to the ter- 
minal d, while the branched light beam from the ter- 
minal d propagates through the optical fiber loop 35 
in the counterclockwise direction and returns to the 
terminal b. The clockwise light beam P R from the ter- 
minal b and the counterclockwise light beam P L from 
the terminal d are given the same phase quantities by 
the phase modulator 34 to make both light beams 
equal in phase. 

A phase difference proportional to a rotational an- 
gular velocity O of the optical fiber loop 35 occurs be- 
tween the clockwise light beam P R and the counter- 
clockwise light beam P L . Therefore, if a quantity of 
light of the coupled light beam from the terminal a of 
the second two-branch coupler 32 is measured, the 
aforementioned rotational angular velocity n can be 
detected from the measurement value. 

Fig. 2 illustrates the optical fiber gyro in its as- 
sembly state. The optical fiber type polarizer 32 is 
housed in a bobbin 37 of the optical fiber loop, and the 
size of the optical fiber type polarizer 32 is much 
smaller than the loop diameter of the optical fiber loop 
wound on the outer surface of the bobbin 37. Refer- 
ence numeral 38 denotes a plate member on which 
the first and second couplers 31 and 33 are attached 
and the fusion connected portions of fibers are fixed- 
ly mounted. Reference numeral 39 denotes a base 
plate on which the optical fiber gyro is mounted. 40 is 
a phase modulator and 41 a light emitting module. 42, 
43 are cable harnesses, and 44, 45 connectors. 

Fig. 3 illustrates the external appearance of the 
optical fiber type polarizer 32. The optical fiber type 
polarizer 32 is similar to the conventional optical fiber 
type polarizer of Fig. 41 in that an optical birefringent 
fiber 47 is wound on a small-diameter bobbin holder 
46 and the winding start and end of the fiber are hard- 
ened by an adhesive 48, but it is different in that the 
birefringent fiber 47 has at its opposite end portions 
almost no extra portions, as compared with the long 
extra portions 12a and 12b of the conventional polar- 
izer of Fig. 41. That is, the optical fiber type polarizer 
32 of the Fig. 3 embodiment is cut so that the portions 
extending from the winding start and end thereof be- 
come a short length (e.g., a length substantially equal 
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to the winding radius). These short portions extend- 
ing from the winding start and end are connected to 
the ends of other optical fibers 49 and 50 through 
fused portions 51 and 52. The optical fibers 49 and 50 
to be connected to the optical fiber type polarizer 32 
can be constituted by an arbitrary optical fiber such 
as a single-mode optical fiber. However, in a case 
where birefringent fibers are used, they must be 
smaller in index of double refraction (B-value) than 
the birefringent fiber 47 wound on the bobbin holder 
46. 

The diameter of the bobbin holder 46 is sized so 
that the birefringent fiber 47 is given a necessary 
bending deformation for obtaining a desired extinc- 
tion ratb. The size of the necessary bending defor- 
mation, that is, the winding diameter of the birefrin- 
gent fiber 47 is mainly determined by the B-value (in- 
dex of double refraction) of the birefringent fiber 47. 
For example, in the case that the B-value is a large 
one such as 10 x 10-*, a desired extinction ratio can 
be obtained with a small bending deformation, but the 
size of the bobbin holder 46 is increased. On the 
other hand, in the case that the B-value is small, the 
size of the bobbin holder 46 can be decreased, but 
the number of winding times is increased. Therefore, 
if the size of the bobbin holder 46 is an important 
problem, a small B-value can be selected, and if an 
increase in the number of winding times is an impor- 
tant problem, a large B-value can be selected. 

In the structure as described above, consider the 
case that each of the optical fibers 49 and 50 to be 
connected to the optical fiber type polarizer 32 com- 
prises a single-mode optical fiber. In general, a single- 
mode optical fiber is far stronger in bending durability 
than an optical birefringent fiber and can endure 
buckling load several tens times larger than the fiber 
diameter. Therefore, even if an external force causing 
tensile, bending and torsional deformations were 
exerted on the single-mode optical fibers 49 and 50 
when incorporating the optical fiber type polarizer 32 
into an optical system, the optical fibers 49 and 50 
would not change in their characteristics and accord- 
ingly the characteristics (loss, extinction ratio, etc.) of 
the optical fiber type polarizer 32 can be stabilized. 
On the other hand, in the case that the optical fibers 
49 and 50 comprise optical birefringent fibers, there 
is the possibility that the fibers 49 and 50 change in 
their characteristics due to an external force pro- 
duced when they are incorporated into a system, but 
by making their indices of double refraction (B-value) 
minimum, a degree of changes in the characteristics 
can be minimized. The reason is because, if the B-val- 
ue is made small, a limit winding radius causing char- 
acteristic changes of an optical birefringent fiber will 
change in a direction of making the limit winding ra- 
dius smaller. 

A method of fabricating the optical fiber type po- 
larizer 32 of the present invention will hereinafter be 



described in conjunction with Fig. 4. 

Before winding on the bobbin holder 46, the opt- 
ical birefringent fiber 47 is fusion connected at one 
end thereof with the optical fiber 49 and optically cou- 

5 pled at the other end with a photodetector 54 through 
an analyzer 53. In this embodiment the optical fiber 
47 to be connected to the polarizer 32 comprises a 
single-mode optical fiber, in a case where the birefrin- 
gent fiber 47 is too long and must have a looped por- 

10 tion, the diameter of the looped portion must be in- 
creased to the extent that the looped portion do not 
become a polarizer. 

After the preparation operation, the birefringent 
fiber 47 is wound on the bobbin holder 46 from the vi- 

15 cinity of a fused portion 51 . When the birefringent fib- 
er 47 is wound on the bobbin holder 46 and reaches 
about a predetermined length, the quantity of attenu- 
ation and the extinction ratio are measured. The 
measurement of the extinction ratio is made by prop- 

20 agating unpolarized light P, through the optical fiber 
49 and by obtaining a ratio of the minimum value P min 
to the maximum value P^ (P m JPmax) o f the output 
light P 0 of the analyzer 53 as it was made one revo- 
lution. The quantity of attenuation is obtained by cal- 

25 culating {1-(2P max /PI)}. The reason why the charac- 
teristics of the optical fiber type polarizer 32 are thus 
inspected is that generally the winding diameter and 
number of winding times of an optical fiber type po- 
larizer are designed in advance, but in fact there are 

30 many fluctuations in the characteristics of t he birefrin- 
gentfiber47, and that if the inspection is made before 
completion, an occurrence of inferior goods can be 
prevented by some method such as rewinding and 
therefore production yield can be improved. 

35 If the inspection is satisfactory, the birefringent 

fiber 47 is cut at a position 55 in the vicinity of the 
winding end of the fiber 47. The cut end of the bire- 
fringent fiber 47 is then unwound from the bobbin 
holder 46 to be fusion connected with the end of an- 

40 other optical fiber (not shown). After the fusion con- 
nection, the unwound portion of the fiber 47 is wound 
on the bobbin holder 46 again, and the winding start 
and end of the fiber 47 are hardened by an adhesive. 
In this way, the optical fiber type polarizer 32 is com- 

45 pleted. This fabrication method of the optical fiber 
type polarizer 32 is different from a conventional opt- 
ical fiber type polarizer such as that shown in Fig. 41 
in which the connection of a birefringent fiber with an- 
other optical fiber is made when incorporating into an 

50 optical system, and is characterized in that the con- 
nection of the birefringent fiber 47 with the optical fib- 
er 49 is completed in the step of fabrication. There- 
fore, by the fabrication method of the present inven- 
tion, there can be provided the optical fiber type po- 

55 larizer 32 in which the extra portions of the birefrin- 
gent fiber 47 that are easily subjected to bending de- 
formation can be made as short as possible. 

Although in the fabrication method shown in Fig. 
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4 the other end of the birefringentf iber 47 is connect- 
ed with the other optical fiber after inspection, it is 
noted that the aforementioned winding, inspection 
and rewinding may also be performed after the bire- 
fringentf iber 47 has been connected at opposite ends 
with the two optical fibers. In this case, an accurate 
extinction ratio can be measured by an inspection 
method to be described later. 

In addition, as shown in Fig. 5, one end of the bi- 
refringentf iber 47 can be fusion connected to the opt- 
ical fiber 49, and the other end can be formed as an 
extra portion 47a, like the prior art shown in Fig. 41 . 
In this case, the characteristic change in at least the 
one end of the birefringent fiber 47 can be prevented. 

The present invention is not limited to the embodi- 
ments described above. For example, the birefringent 
fiber 47 can be formed into a loop shape without using 
the bobbin holder 46. The connection of the birefrin- 
gent fiber 47 with the other optical fibers 49 and 50 
can also be made by a connector connection, V-shap- 
ed connection or a sleeve connection, instead of the 
fusion connection. 

As described above, in the optical fiber type po- 
larizer and the fabrication method therefor shown in 
Figs. 1-5, the length of the extra portions that are 
easily subjected to bending and torsional deformation 
can be made as short as possible. Consequently, in 
the working condition and the like as the optical fiber 
type polarizer is incorporated into an optical system, 
it is not necessary to take an occurrence of unexpect- 
ed loss into consideration. For this reason, the design 
and fabrication requirements can be alleviated, so 
that an optical fiber type polarizer can be provided 
which can be easily incorporated into an optical sys- 
tem. In addition, the required length of an expensive 
birefringent fiber (over ten times higher in price than 
a single-mode optical fiber) can be reduced to a mini- 
mum and accordingly the overall production cost thus 
reduced. 

Figs. 6-10 illustrate a second embodiment of the 
optical fiber type polarizer that is suitable for use in 
an optical system such as an optical fiber gyro. 

An optical fiber type polarizer 60 shown in Fig. 
6(a) is similar to the first embodiment shown in Figs. 
1-5 in that an optical birefringent fiber 60 is wound on 
a bobbin holder 62, but it is different in a method in 
which the winding start and end of the birefringent fib- 
er 60 are fixed. That is, the bobbin holder 62 compris- 
es a small-diameter cylindrical body 62a made from 
resin or metal material and two circular plates 62b and 
62c fixedly mounted on the opposite ends of the cyl- 
indrical body 62a. The plates 62b and 62c are not lim- 
ited to a circular shape. Further, the winding start and 
end of the birefringent fiber 60 is fixedly mounted on 
an outer surface 62a of the bobbin holder 60 and also 
on the plates 62b and 62c by an adhesive 63. The ad- 
hesive 63 is applied between the plates 62 without 
space and adjusted in thickness so that the short ex- 
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tra portions of the birefringent fiber 61 in the vicinity 
of the winding start and end are covered. Note that 
the short extra portions of the birefringent fiber 61 
fixed by the adhesive 63 must be fixed along a circu- 

5 lar arc having a radius of curvature larger than that of 
the cylindrical body 62a. In the case that the radius 
of curvature is infinite, it is necessary to fix the short 
extra portions along a straight line. 

In the structure as described above, the short ex- 

10 tra portions of the birefringent fiber 61 extending from 
the winding start and end are f ixed along a radius of 
curvature (or a straight line) larger than that of the cyl- 
indrical body 62a. Therefore, even if an external force 
such as tension, bending and torsion is exerted on the 

15 birefringentfiber61 when incorporating into an optical 
system, the transmission of this external force could 
be interrupted by the fixed portion of the short extra 
portions. Thus, the transmission of an external force 
to the wound portion of the birefringent fiber 61 is 

20 avoided, so an optical fiber type polarizer can be pro- 
vided which can be easily incorporated into an optical 
system. 

Preferred modifications of the second embodi- 
ment shown in Figs. 6(a) and 6(b) will hereinafter be 

25 described in conjunction with Figs. 7-1 0. 

In the structure shown in Figs. 7(a) and 7(b), a 
bobbin holder 64 comprises a first plate 65 formed 
with an extended portion 65a extending in one direc- 
tion and a second plate 66 formed with an extended 

30 portion 66a extending in the opposite direction. The 
winding start and end of an optical birefringent fiber 
67 are fixed on a cylindrical body 69 by an adhesive 
68. The short extra portions of the optical birefringent 
fiber 67 extending from the winding start and end are 

35 fixedly mounted on the extended portions 65a and 
66a by adhesives 71 and 70, respectively. Since the 
extended portions 65a and 66a are disposed in the 
tangential directions of the outer surface of the cylin- 
drical body 69, the short extra portions can be f ixed 

40 so that they are disposed along a substantially 
straight line and therefore the transmission of an ex- 
ternal force can be prevented by the portions be- 
tween the fixed points 70 and 68 and between the 
fixed point 68 and 71. Thus, the influence of an ex- 

45 ternal force on the birefringent fiber 67 wound on the 
cylindrical body 69 is eliminated, and there is little 
change in the characteristics of the birefringent fiber 
67 caused by the external force. 

In the structure shown in Figs. 8(a) and 8(b), a 

50 bobbin holder 72 comprises a cylindrical body 73 and 
a pair of large-diameter plates 74 and 75 mounted on 
the cylindrical body 73. The winding start and end of 
an optical birefringent fiber 76 are fixed on the cylin- 
drical body 73 by an adhesive 79. The short extra por- 

55 tions of the optical birefringentf iber 76 extending from 
the winding start and end are fixedly mounted on the 
plates portions 74 and 75 by adhesives 78 and 77, re- 
spectively, as shown in 8(b). Like the embodiment of 
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Figs. 7(a) and 7(b), the short extra portions of the bi- 
refringent fiber 76 are also fixed so that they are dis- 
posed along a substantially straight line. 

In the structure shown in Figs. 9(a) and 9(b), a 
bobbin holder 80 is fixedly mounted on a base plate 
81, and comprises a conventional one. The winding 
start and end of an optical birefringent fiber 82 are 
fixed by an adhesive 85. The short extra portions of 
the optical birefringent fiber 82 extending from the 
winding start and end are fixedly mounted on the 
base plate 81 by adheshves 83 and 84, as shown in 
Fig. 9(b). In addition that the short extra portions of 
the birefringent fiber 82 are fixed so that they are dis- 
posed along a substantially straight line, there is the 
advantage that a conventional bobbin holder can be 
used without modification. 

In the structure shown in Figs. 10(a) and 10(b), a 
bobbin holder 87 is fixedly mounted on a frame struc- 
ture 86 (or a member integrally formed in the frame 
structure) housing therein an optical system such as 
an optical fiber gyro. The winding start and end of an 
optical birefringent fiber 88 are fixed on the bobbin 
holder 87 by an adhesive 91 . The short extra portions 
of the optical birefringent fiber 88 extending from the 
winding start and end are fixedly mounted on the 
frame structure 86 by adheshves 89 and 80, as shown 
in Fig. 9(b). As in the case of the embodiments descri- 
bed above, the short extra portions of the birefringent 
fiber 88 can fixed so that they are disposed along a 
substantially straight line. 

A third embodiment of the optical fiber type po- 
larizer according to the present invention will herein- 
after be described in conjunction with Figs. 11-19. 

Fig. 11(a) is a perspective view showing the third 
embodiment of the optical fiber type polarizer accord- 
ing to the present invention. Fig. 11(b) is a plan view 
showing the optical fiber type polarizer of FIG. 11(a). 
In these figures, a bobbin holder 100 comprises a 
small-diameter cylindrical body 101, and first and 
second plates 102 and 103 mounted on the opposite 
ends of the cylindrical body 101. The first plate 102 
is formed with an extended portion 102a extending in 
one direction, and the second plate 103 is formed 
with an extended portion 103a extending in the oppo- 
site direction. The extended portions 102a and 103a 
have small projections 1 02b and 1 03b mounted there- 
on, respectively. The projections 102b and 103b are 
formed with recesses 102c and 103c, respectively. 
Each of the recesses 102c and 103c is formed into a 
predetermined shape. The winding start and end of 
an optical birefringent fiber 104 are fixed on the cyl- 
indrical body 1 01 by an adhesive 1 05. The short extra 
portions of the optical birefringent fiber 104 extending 
from the winding start and end are inserted and fixed 
in the recesses 102c and 103c formed in the projec- 
tions 102b and 103b. 

FIG. 12 is a part-sectional view of the bobbin 
holder 100 of the optical fiber type polarizer of FIG. 



11(a). As shown in this figure, the birefringent fiber 
104 having an elliptical cross section is wound on the 
cylindrical body 101 of the bobbin holder 100. 

FIG. 13 is an enlarged sectional view of the bire- 
5 fringentf iber 1 04 of FIG. 12. The birefringent fiber 104 
comprises a core portion 104a, a clad layer 104b sur- 
rounding the core portion 104a, and an elliptical jack- 
et 104c surrounding the clad layer 104b. Since the bi- 
refringent fiber 104 is an elliptical cross section and 
10 not a circular cross section, the rotational motion (in- 
dicated by the arrow A of Fig. 13) of the birefringent 
fiber 104 as it is wound on the cylindrical body 101 
can be regulated. 

FIG. 14 is an enlarged sectional view of the bure- 
ts fringent fiber 1 04 fixed in the recess 1 02c of the pro- 
jection 102b by an adhesive 106. The recess 102c 
(and 1 03c) is opened in the axial direction of the cyl- 
indrical body 101 and formed into a generally U 
shape. The radius of curvature of the U-shaped re- 
20 cess 102c (and 103c) is substantially equal to that of 
the jacket 104c, as shown. Since the U-shaped re- 
cess 102c (and 103c) is equal in radius of curvature 
to the jacket 104c, an occurrence of torsion can be 
prevented between the winding end of the birefrin- 
25 gent fiber 1 04 and the recess 1 02c (and 1 03c). 

FIG. 15 is a diagram used to explain how the bi- 
refringent fiber 104 is wound on the bobbin holder 
100. Reference numeral 107 indicates a guide plate 
formed with a guide aperture 107a which is slightly 
30 larger in cross section than the birefringent fiber 104. 
The cross sections of the guide aperture 107a and 
the birefringent fiber 104 are similar figures, and in 
this embodiment they are elliptical. In the winding op- 
eration of the birefringent fiber 104, it is first passed 
35 through the guide aperture 107a of the guide plate 
107. Then, the leading end of the birefringent fiber 
1 04 is fixed in the recess 1 02c of the small projection 
102b. Thereafter, as the bobbin holder 100 is rotated 
in the direction R of Fig. 15, the guide plate 107 is 
40 slowly moved in the direction Lof Fig. 1 5. Since in this 
structure the torsion of the birefringent fiber 1 04 is re- 
moved when the fiber 104 is passed through the 
guide aperture 107a substantially equal in cross sec- 
tion to the fiber 104, an undesirable deformation 
45 which would be produced in the winding operation 
can be prevented reliably. Therefore, in accordance 
with present invention, there is provided an useful 
technique which can enhance a working efficiency in 
the winding operation and automate the winding op- 
50 eration. 

While it has been described and illustrated that 
the cross section of the birefringent fiber is formed 
into an elliptical shape, the present invention is not 
limited to this. The cross section can be formed into 
55 other shapes other than a circular shape. For exam- 
ple, in a case where, as shown in Fig. 16, an optical 
birefringent fiber 109 has a jacket 108 whose cross 
section is a circular shape, the birefringent fiber 109 
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can be formed with a recess 108a extending in the 
longitudinal direction thereof. By such a longitudinal 
recess 108a, the cross section of the birefringent fib- 
er 109 can be formed into a shape other than a cir- 
cular shape, and the rotational motion of the fiber 109 5 
during the winding operation can be prevented. 

In addition, as shown in Fig. 17, a jacket 111 of an 
optical birefringent fiber 110 can also be formed with 
a longitudinal projection 111a. Further, in a case of 
Fig. 18, an optical birefringent fiber 112 and a rein- 10 
forcementcore 115extending parallel to the fiber112 
are covered by an elliptical jacket 113. 

In the embodiment of Fig. 1 8, the tensile strength 
can be increased. In a case where, as shown in Fig. 
19, two parallel birefringent fibers 116 and 117 are 15 
covered by the elliptical jacket 113, two optical fiber 
type polarizers can be fabricated at the same time for 
one bobbin by a single winding operation. The em- 
bodiment shown in Fig. 19 is advantageous when a 
multi-shaft gyro is manufactured. 20 

As described above, since in the embodiments 
shown in Figs. 11-19 the cross section of the birefrin- 
gent fiber is formed into a shape other than a circular 
shape, the rotational motion of the birefringent fiber 
during the winding operation can be prevented. 25 
Therefore, the torsional deformation of the birefrin- 
gent fiber can be avoided and accordingly there can 
be provided an optical fiber type polarizer whose 
characteristics do not change. 

Afourth embodiment of the optical fiber type po- 30 
larizer according to the present invention will herein- 
after be described in conjunction with Figs. 20-24. 

In Figs. 20(a), 20(b) and 20(c), reference numeral 
120 denotes a cylindrical body made from elastic ma- 
terial such as resin. This cylindrical body 120 is 35 
formed at its outer surface with an axially extending 
recess portion 120a. The cylindrical body 120 is fur- 
ther formed at a predetermined position thereof with 
an axially extending groove 120b. The predetermined 
position of the cylindrical body 120 corresponds to a 40 
position at which the winding start and end of an opt- 
ical birefringent fiber 121 is fixed by an adhesive 122. 
It is noted that if a plate spacer or adhesive tape is in- 
terposed between the axial groove 120b and the bi- 
refringent fiber 121, the application of the adhesive 45 
122 on the cylindrical body 120 can be prevented. If 
in the structure of Fig. 20(b) the forces in the direc- 
tions B are applied to the cylindrical body 120 after 
the birefringent fiber 121 has been wound on the cyl- 
indrical body 120 and hardened by the adhesive 122, 50 
the open width of the recess portion 120a will be nar- 
rowed, and the outer circumferential length of the cyl- 
indrical body 120 wfll be reduced. Therefore, the 
wound birefringent fiber 121 can be removed easfly 
from the cylindrical body 120, so that there can be 55 
provided an optical fiber type polarizer which has no 
bobbin and whose characteristics are not deteriorat- 
ed. 



The advantages of the optical fiber type polarizer 
having no bobbin are as follows. In general, an optical 
fiber type polarizer is formed by wining a birefringent 
f iberon a bobbin holder, but tensions produced during 
the winding operation cannot be removed completely. 
In addition, the wound birefringent fiber is always sub- 
jected to the side pressure from the bobbin holder. 
Therefore, if, for example, the tensions produced dur- 
ing the winding operation are changed due to the 
thermal expansion and the like of the bobbin holder, 
there is the drawback that the polarization character- 
istics of the optical fiber type polarizer tend to be 
changed. In a conventional bobbin holder, it was dif- 
ficult to provide an optical fiber type polarizer whose 
characteristics are not deteriorated, since the birefrin- 
gent fiber is pulled by force when it is removed from 
the conventional bobbin holder. Since in the structure 
of Figs. 20(a)-20(c) the wound birefringent fiber 121 
can be removed easily from the cylindrical body 120 
without being pulled by force, the optical fiber type 
polarizer shown in Fig. 20(c) has no deterioration in 
its characteristics. 

Figs. 21(a)-21(c) are perspective views showing 
one modification of the optical fiber type polarizer 
shown in Figs. 20(a)-20(c), respectively. It is desir- 
able that, before winding the birefringent fiber 121, a 
wedge 123 be inserted into the recess portion 120a. 
Because of the wedge 123, the recess portion 120a 
is prevented from being closed with a pressure pro- 
duced during the winding operation, and the birefrin- 
gent fiber can be wound at a correct winding radius. 
After the adhesive 122 has hardened sufficiently, the 
wedge 123 is removed from the recess portion 120a 
and then the wound birefringent fiber 1 21 is removed 
from the cylindrical body 120 by closing the recess 
portion 120a. It is noted that if an easily separable sil- 
icon adhesive is used instead of an epoxy adhesive, 
an occurrence of stresses to be transmitted the bire- 
fringent fiber 121 during rewinding can be prevented. 

Figs. 22(a)-22(b) are perspective views showing 
another modification of the optical fiber type polarizer 
according to the fourth embodiment of the present in- 
vention. Even if, as shown in these figures, a bobbin 
holder 126 has plates 125 and 126 at the opposite 
ends thereof, the formation of a recess portion 127 is 
also effective. In such a case, a birefringent fiber 128 
wound on the bobbin holder 126 cannot be removed 
from the bobbin holder 126, but side pressures to be 
transmitted the birefringent fiber 128 can be alleviat- 
ed by closing the recess portion 127 of the bobbin 
holder 126. 

Figs. 23(a)-23(b) also illustrate another modifica- 
tion of the optical fiber type polarizer according to the 
fourth embodiment of the present invention. As 
shown in these figures, a bobbin holder 129 has a pair 
of clawed members 130a and 130b attached to the 
lower surface thereof. The space Da between the 
clawed members 1 30a and 1 30b is slightly wider than 
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the diameter Db of an aperture 1 32 formed in a base 
plate 131. In this embodiment, if the bobbin holder 
129 is brought into engagement with the base plate 
131 through the clawed members 130a and 130b, the 
space Da between the clawed members 130a and 
130b will be narrowed and accordingly a recess por- 
tion 133 formed in the bobbin holder 129 will be 
closed automatically. 

Fig. 24 illustrates another modification of the opt- 
ical fiber type polarizer according to the fourth em- 
bodiment of the present invention. A bobbin holder 
134 comprises a first plate 135 formed with an ex- 
tended portion 135a extending in one direction and a 
second plate 136 formed with an extended portion 
136a extending in the opposite direction. The short 
extra portions of a birefringent fiber 136 extending 
from the winding start and end thereof are fixed on 
the extended portions 135a and 136a by adhesives 
135b and 136b. 

As described above, in the optical fiber type po- 
larizers shown in Figs. 20-24, they are stable in their 
characteristics by eliminating the influence of unnec- 
essary forces on a birefringent fiber. 

Figs. 25(a) and 25(b) illustrate a fifth embodiment 
of the optical fiber type polarizer according to the 
present invention. As shown in Fig. 25(a), this em- 
bodiment is characterized in that the height Ha of a 
cylindrical body 139 of a bobbin holder 138 is made 
sufficiently higher than the height Hb of fixing por- 
tions 140a and 140b formed in a plate 140 fixed on 
the cylindrical body 139. As shown in Fig. 25(b), this 
embodiment is also characterized in that the height 
Ha' of a cylindrical body 139' of a bobbin holder 
138' is made sufficiently lower with respect to the 
height Hb' of fixing portions 140a' and 140b' formed 
in a plate 140* fixed on the cylindrical body 139'. 
Since in these structures an interference between a 
birefringent fiber 141 (141') and the fixing portions 
140a, 140b (140a\ UOb^ can be avoided during the 
time that the birefringent fiber is wound on the cylin- 
drical body, the winding operation can be performed 
without difficulty. 

Figs. 26 and 27 show a winding apparatus for 
winding an optical fiber type polarizer according to a 
six embodiment of the present invention, respective- 
ly. Reference numeral 142 denotes a supply drum for 
supplying an optical birefringent fiber 143, and refer- 
ence numerals 144a and 144b denote first and sec- 
ond feed rollers, respectively. Reference numeral 145 
and 146 denote a tension roll and a bobbin holder, re- 
spectively. This embodiment is characterized in that 
the birefringent fiber 143 has a slackened portion C 
between the first feed roller 144a and the second 
feed roller 144b. Since the tension of the slackened 
portion C of the birefringent fiber 143 becomes sub- 
stantially zero, twists in the birefringent fiber 143 can 
be removed by the restoring force of the fiber 143 it- 
self. The removal ability of twists depends upon the 



length of the slackened portion C of the birefringent 
fiber 143, so it is preferable to make the slackened 
portion C as long as possible. If, as shown in Fig. 27, 
the supply drum 142 is moved in the axial direction 

5 thereof so that the birefringent fiber 143 being un- 
wound from the supply drum 142 becomes straight, 
an occurrence of twists can be prevented. 

Figs. 28 and 29 show a fabrication method of an 
optical fiber type polarizer according to a seventh em- 

10 bodiment of the present invention, respectively. As 
shown in Fig. 28, an optical birefringent fiber 148 is 
wound on a bobbin holder 147 and fixed by an adhe- 
sive 149. Then, the bobbin holder 147 is immersed in 
resin solution 150 (e.g., silicon resin). The bobbin 

15 holder 147 removed from the resin solution 150, as 
shown in Fig. 29, is placed on a base plate (prefer- 
ably, rubber sheet) 151 . A resin 150a around the bob- 
bin holder 147 is hardened. In this way, an optical fib- 
er type polarizer is fabricated. In this fabrication 

20 method, the fixation of the bobbin holder and the fix- 
ation of the short extra portions extending from the 
winding start and end of the birefringent fiber can be 
made at the same time by simple steps of immersing 
the bobbin holder 147 in the resin solution 150, plac- 

25 ing the bobbin holder 147 on the base plate 151 and 
hardening the resin 150a around the bobbin holder 
147. Therefore, the time needed for fabrication can be 
shortened and the working efficiency thus en- 
hanced. 

30 Figs. 30-37 illustrate an inspection apparatus for 

inspecting the characteristics of an optical fiber type 
polarizer. The principles of the inspection apparatus 
according to the present invention is that, by chang- 
ing polarized light incident on optical medium includ- 
35 ing a polarizer (e.g., optical fiber type polarizer) to al- 
most all of the states of polarization of light, the inten- 
sity of the light transmitted through the optical me- 
dium is measured, and that an extinction ratio of the 
polarizer is obtained by calculating a ratio of the max- 
40 imum and minimum values of the measurement For 
example, an anisotropic crystal, optical fiber and air 
can be used as an optical medium. The optical me- 
dium is not limited to liquids, gases and solids, but it 
can be constituted by any medium having isotropy or 
45 anisotropy. 

Figs. 30(a) and 30(b) are diagrams used to ex- 
plain the principles of the inspection apparatus ac- 
cording to the present invention. Polarized light 200a 
incident on an optical medium 200 is changed to al- 
so most all of the states of polarization, with the use of 
predetermined means to be described later. More 
particularly, if a variable phase difference and a vari- 
able rotation of a plane of polarization are given be- 
tween two orthogonal polarization components, the 
55 state of polarization of the light that transmits through 
a polarizer 201 to be inspected will move on almost all 
regions on a Poincare sphere, even if the two ortho- 
gonal polarization components are optically coupled 
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in an optical medium 200 and the state of polarization 
is changed. Therefore, the light incident on the polar- 
izer 201 contains all of states of polarization including 
linearly polarized light crossing at right angles with or 
aligned with a transmission axis of the polarizer 201 . 5 

Therefore, when the state of polarization 201 a of 
the incident light on the polarizer 201 is aligned with 
a transmission axis 201b of the polarizer 201, the 
maximum quantity of the transmitted light is obtained, 
as shown in Fig. 30(a). When, on the other hand, the 10 
state of polarization 201a* of the incident light on the 
polarizer 201 is vertical with respect to the transmis- 
sion axis 201b of the polarizer 201, the minimum 
quantity of the transmitted light is obtained, as shown 
in Fig. 30(b). As a result, even if the transmitted light 15 
from the polarizer 201 to be inspected transmits 
through an optical medium 202 and there occurs a 
new change in the state of polarization of the pola- 
rized light 202a from the optical medium 202, a ratio 
of light intensities of the transmitted light beams from 20 
the optical medium 202 that is detected finally is iden- 
tical with a ratio of light intensities of the transmitted 
light beams from the polarizer 201. Therefore, a ratio 
of light intensities of the transmitted light beams of the 
optical medium 202, Pmaj/Pmin. can be determined as 25 
an extinction ratio of the polarizer 201. 

Fig. 31 schematically illustrates an example 
which corresponds to the aforementioned predeter- 
mined means and which includes optical means 204 
capable of changing light from a light source 203 to al- 30 
most ail of the states of polarization. The optical 
means 204 comprises a polarizer 205 that converts 
the light from the light source 203 to linearly polarized 
light, a phase retarder 206 that introduces a variable 
phase difference between the two polarized wave 35 
components of the linearly polarized light from the po- 
larizer 205, a rotator 207 that rotates a plane of polar- 
ization of the light transmitted from the phase retarder 
206 by some particular angle. Reference numerals 
208 and 209 denote a first optical medium and a sec- 40 
ond optical medium, respectively. A polarizer 210 to 
be inspected is interposed between the first and sec- 
ond optical media 208 and 209. Reference numeral 

211 denotes a photodetector, and 212 denotes a con- 
troller that calculates an extinction ratio and controls 45 
the phase retarder 206 and the rotator 207. For exam- 
ple, a birefringent crystal mechanically rotatable 
about an optical axis can be used as the phase retard- 
er 206 and the rotator 207. In this case, the controller 

212 controls the angle of mechanical rotation of the so 
phase retarder 206 or the rotator 207. Also, an elec- 
tro-optical (or magneto-optical) crystal can be used 

as the phase retarder 206, and a magneto-optical 
crystal can be used as the rotator 207. In this case, 
these crystals are given a variable electric field or a 55 
variable magnetic field, and the controller 212 con- 
trols the variable electric field or variable magnetic 
field that is applied to the phase retarder 206 or rota- 
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tor 207. 

In the example of Fig. 31 , the light from the light 
source 203 passes through the polarizer 205 and is 
linearly polarized. The reason why the polarizer 205 
is provided is that the synchronism between the 
change in the state of polarization of the outputted 
light from the optical means 204 and the detecting 
timing in the detector 211 cannot obtained when the 
light from the lightsource 203 is unpolarized light The 
transmitted light from the polarizer 205 passes 
through the phase retarder 206 and the rotator 207 
and becomes a particular state of polarization. How- 
ever, by changing an angle of phase shifting of the 
phase retarder 206 and an angle of rotation of the ro- 
tator 207, the state of polarization of the light incident 
on the optical medium 208 can move on almost all of 
regions on a Poincare sphere. Because of this, even 
if the two components crossing at right angles are 
optically coupled inside the optical medium 208 and 
the state of polarization is changed, the state of po- 
larization when the light passes through the polarizer 
210 is to move on almost all regions on the Poincare 
sphere. Therefore, sometimes the state of polariza- 
tion when the light passes through the polarizer 210 
becomes linearly polarized light accidentally aligned 
with the direction of the transmission axis of the po- 
larizer 210, and at this time, the maximum quantity of 
the transmitted light is obtained. When, on the other 
hand, the transmitted light from the optical medium 
208 is linearly polarized light accidentally perpendic- 
ular to the direction of the transmission axis of the po- 
larizer 21 0, a minimum transmitted light quantity is ob- 
tained. Therefore, even if the transmitted light from 
the polarizer 210 passes through the second optical 
medium 209 again, an intensity ratio of the transmit- 
ted light beams of the second optical medium 209 will 
be the same as that of the transmitted light beams 
from the polarizer- 210 and will not change. There- 
fore, an accurate extinction ratio of the polarizer 210 
can be determined by calculating an intensity ratio 
(Pmax/Pmm) of the transmitted light beams of the sec- 
ond optical medium 209. 

Fig. 32 illustrates one modification of the inspec- 
tion apparatus of Fig. 31. In this embodiment, a quar- 
ter-wave plate 213 is used instead of the phase re- 
tarder and a half-wave plate 214 is used instead of the 
rotator. A light source (quasi-monochromatic light 
source) 215, a polarizer 216, the quarter-wave plate 
213, the a half-wave plate 214, an inspection sample 
(optical medium including a polarizer to be inspected) 
217, arid an optical power meter 218 are aligned with 
one another. 21 9 is a circuit for driving the lightsource 
215, 220 a first motor for mechanically rotating the 
quarter-wave plate 213, and 221 a second motor for 
mechanically rotating the half-wave plate 214. 222 rs 
a control circuit for controlling the rotations of the first 
and second motors 220 and 221 separately. 223 is a 
controller which reads the output of the optical power 
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meter 218 at a predetermined interval, calculates a 
ratio of the maximum and minimum values of the out- 
put of the optical power meter 218, and outputs a syn- 
chronous signal synchronized with a predetermined 
cycle to the control circuit 222. 224 is a memory hav- 
ing the output of the optical power meter 218 and the 
calculated value of the controller 222 stored therein; 
and 225 is a member for fixing the inspection sample 
217. 

The polarizer 216, the quarter-wave plate 213, 
and the half-wave plate 214 as a whole constitute opt- 
ical means 226 for changing the polarization of light 
incident on the inspection sample 217 to all states of 
polarization. 

Assume now that the angles of rotation of the 
quarter-wave plate 213 and half-wave plate 214 are 
represented by 91 (wave/4) and 92 (wave/2). It is also 
assumed that when the fast axis direction of the quar- 
ter-wave plate 213 is aligned with the transmission 
axis direction of the polarizer 216, 91 (wave/4) be- 
comes 0, and that when the fast axis direction of the 
half-wave plate 214 is aligned with the transmission 
axis direction of the polarizer 216, 92 (wave/2) be- 
comes 0. 

In the inspection apparatus of Fig. 32, the control- 
ler 223 feeds a control signal to the control circuit 222 
so that 91 (wave/4) becomes 0 (step 1). Then, the 
controller 223 feeds a control signal to the control cir- 
cuit 222 so that the half-wave plate 214 rotates by 
360° at intervals of a constant angle (this interval is 
assumed to be C°), reads the detection light intensity 
of the optical power meter 21 8 by synchronizing to the 
rotation of the-wave plate 214, and feeds the result of 
the reading to the memory 224 successively (step 2). 

If the half-wave plate 214 rotates by 360°, 91 
(wave/4) is rotated by a constant angle interval (step 
3). This constant angle interval is assumed to be D°. 
Thereafter, the aforementioned step 2 is performed 
again. 

If the operation described above is repeated until 
91 (wave/4) becomes 0, the number of data obtained 
will become ((360/C) x (360/D)), and these data are 
stored in the memory 224. The extinction ratio of the 
polarizer contained in the inspection sample 217 is 
determined by calculating a ratio of the maximum and 
minimum values of the data obtained. The resolution 
of measurement depends upon the values of C and 
D, so that the extinction ratio is more accurately ob- 
tained, as these values of C and D is decreased. 

Fig. 33 schematically illustrates another modifi- 
cation of the inspection apparatus according to the 
present invention. While in the embodiment of Fig. 32 
the quarter-wave plate 213 and the half-wave plate 
214 has been mechanically driven by the motors 220 
and 221 , in the embodiment of Fig. 33 an EO crystal 
(electro-optical crystal) 227 is used instead of the 
quarter- wave plate and one motor is omitted. As the 
EO crystal 227, there can be used KD 2 P0 4 , LiTa0 3 , 



Ba 2 NaNb 3 0 15 , Sr 0 ^Bao.75Nb?0 6 orBaTi0 3 . The parts 
of the embodiment of Fig. 33 substantially identical to 
corresponding parts of the embodiment of Fig. 32 are 
represented by the same reference numerals, and 
5 therefore a detailed description of the identical parts 
will not be given. 

The transmission axis of a polarizer 21 6 is rotated 
by 45° with respect to the optical main axis direction 
of the EO crystal 227 so that an equal quantity of a 
w polarized light beam can be transmitted in each axis 
direction of the EO crystal 227. A closed circuit com- 
prising a power supply 228 and a variable resistor 229 
is connected to the both sides of the EO crystal 227 
so that a voltage to be applied to the EO crystal 227 
15 can be changed by changing the resistance value of 
the variable resistor 229 by a remote control from a 
voltage controlled circuit 230. 

By changing the voltage to be applied to the EO 
crystal 227, a phase difference between two trans- 
20 mitted light beams of the EO crystal 227 is changed. 
If the phase difference is changed between 0° and 
90°, an ellipticity of the state of polarization of the po- 
larized light from the EO crystal 227 is changed. This 
means that the state of polarization moves on the 
25 longitude on the Poincare sphere. Further, if the light 
from the EO crystal 227 transmits through the half- 
wave plate 214, the direction of polarization is rotated 
in an arbitrary direction. This means that the state of 
polarization moves on the longitude on the Poincare 
30 sphere. 

Therefore, by suitably changing the applied vol- 
tage of the EO crystal 227 and the angle of rotation 
of the half-wave plate 214, the state of polarization of 
light incident on the inspection sample 217 can be 
35 changed so that the state of polarization can move on 
all regions on the Poincare sphere. Further, the ap- 
paratus of Fig. 33 can be operated by only one motor, 
so that the structure can be made simpler and the in- 
spection time can be shortened as compared with the 
40 case of two motors. 

Fig. 34 shows another modification of the inspec- 
tion apparatus of the present invention. A MO crystal 
(magneto-optical crystal) 231 is used instead of the 
EO crystal. The MO crystal shows double refraction, 
45 when a magnetic field is applied in a direction cross- 
ing at right angles with an incident light beam. The MO 
crystal, for example, may comprise aromatic com- 
pound. 232 is an ac power supply, 233 a variable re- 
sistor, and 234 a current controlled circuit for control- 
50 ling a value of the variable resistor 233. The other 
parts are identical with corresponding parts of Fig. 
33. 

In the embodiment of Fig. 34, the state of polari- 
zation of light incident on the inspection sample 217 
55 can also be changed so that the state of polarization 
can move on all regions on the Poincare sphere. In 
addition, the apparatus of Fig. 34 can be operated by 
only one motor, so that the structure can be made 



13 



25 EP 0 592 114 A2 26 



simpler and the inspection time can be shortened as 
compared with the case of two motors. 

Fig. 35 is an example in which a MO crystal 235 
showing Faraday effect is used instead of the half- 
wave plate. The MO crystal 235 can be constituted by s 
a rock crystal or a thin film iron. In this example, the 
polarization direction of the light from the quarter-wa- 
ve plate 213 is rotated in an arbitrary direction, when 
the light passes through the MO crystal 235. That is, 
the state of polarization moves on the longitude on 10 
the Poincare sphere. Like the embodiment of Fig. 34, 
the state of polarization of light incident on the inspec- 
tion sample 217 can also be changed so thatthe state 
of polarization can move on ail regions on the Poin- 
care sphere. In addition, the apparatus of Fig. 35 can 1 s 
also be operated by only one motor, so that the struc- 
ture can be made simpler and the inspection time can 
be shortened as compared with the case of two mo- 
tors. 

Fig. 36 is an example in which the quarter-wave 20 
plate and the half-wave plate are replaced with MO 
crystals 236 and 237. 232a and 232b are ac power 
supplies, respectively. 233a and 233b are variable re- 
sistors, respectively. 234a and 234b are current con- 
trolled circuits for controlling values of the variable re- 25 
sistors 233a and 233b, respectively. Like the embodi- 
ment of Fig. 34, the state of polarization of light inci- 
dent on the inspection sample 217 can also be 
changed so that the state of polarization can move on 
all regions on the Poincare sphere. In addition, the 30 
apparatus of Fig. 36 can also be operated by only one 
motor, so that the structure can be made simpler and 
the inspection time can be shortened as compared 
with the case of two motors. 

Fig. 37 is an example in which an EO crystal 238 35 
is used instead of the quarter-wave plate and a MO 
crystal 239 is used instead of the half-wave plate. As 
in the case of the embodiment shown in Fig. 34, the 
state of polarization of light incident on the inspection 
sample 21 7 can also be changed so that the state of 40 
polarization can move on all regions on the Poincare 
sphere. In addition, the apparatus of Fig. 37 can also 
be operated by only one motor, so that the structure 
can be made simpler and the inspection time can be 
shortened as compared with the case of two motors. 45 

As described above, in the embodiments shown 
in Figs. 30-37, the intensity ratio of the transmitted 
light quantities of the inspection sample 217 has been 
obtained by changing the state of polarization of the 
polarized light incident on the inspection sample 217 so 
so that it becomes in all possible states of polariza- 
tion. Therefore, an extinction ratio of a polarizer to be 
inspected can be measured accurately without the in- 
fluence of the polarization characteristics of an optical 
medium other than the polarizer. In a case where a 55 
polarizer to be inspected is an optical fiber type po- 
larizer, the inspection method according to the pres- 
ent invention is particularly effective. 



While the subject invention has been described 
with relation to the preferred embodiments, various 
modifications and adaptations thereof will now be ap- 
parent to those skilled in the art All such modifica- 
tions and adaptations as fall within the scope of the 
appended claims are intended to be covered thereby. 

Claims 

1 . An optical fiber type polarizer comprising: 

an optical birefringent fiber (121 , 128) hav- 
ing a winding start and a winding end, the birefrin- 
gent fiber being wound at a predetermined radius 
and the winding start and end being fixed by an 
adhesive (122); 

a first optical fiber (49) being fusion con- 
nected to a short extra portion extending from 
said winding start; and 

a second optical fiber (50) being fusion 
connected to a short extra portion extending from 
said winding end. 

2. An optical fiber type polarizer as set forth inclaim 
1 , wherein, in a case where each of said first and 
second optical fiber comprises a second optical 
birefringent fiber, the second birefringent fiber is 
smaller in index of double refraction than said bi- 
refringent fiber wound at said predetermined ra- 
dius. 

3. An optical fiber type polarizer comprising: 

a bobbin holder (46, 62, 64, 72, 80, 87, 

100); 

an optical birefringent fiber (47, 61, 67, 76, 
82, 88, 104) having a winding start and a winding 
end, the birefringent fiber being wound at a pre- 
determined radius on said bobbin holder and the 
winding start and end being fixed by an adhesive 
(122); 

a first optical fiber (49) being fusion con- 
nected to a short extra portion extending from 
said winding start and 

a second optical fiber (50) being fusion 
connected to a short extra portion extending from 
said winding end. 

4. An optical fiber type polarizer as setforth in claim 
3, wherein said bobbin holder has members (62b, 
62c) mounted at the opposite ends thereof, and 
said short extra portion extending from said wind- 
ing start and said short extra portion extending 
from said winding end are fixed on said members 
(62b, 62c). 

5. An optical fiber type polarizer as setforth in claim 
3, wherein said optical birefringent fiber (47, 61, 
67, 76, 82, 88, 104) wound on said bobbin holder 
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has a cross section other than a circular shape. 

6. An optical fiber type polarizer as set forth in daim 
3, wherein said bobbin holder has a cylindrical 
body (120, 124) formed at its outer surface with 
a recess (120a, 127) extending in an axial direc- 
tion of said cylindrical body (120, 124), and said 
cylindrical body (120, 124) is made from an elas- 
tic member. 

7. A method of fabricating an optical fiber type po- 
larizer comprising the steps of: 

passing an optical birefringent fiber (47, 
61, 67, 76, 82, 88, 104) having a cross section 
other than a circular shape through an aperture 
(17a) having the same cross section as that of 
said optical birefringent fiber (47, 61, 67, 76, 82, 
88, 104); and 

winding said optical birefringent fiber (47, 

61, 67, 76, 82, 88, 104) on a bobbin holder (46, 

62, 64, 72, 80, 87, 100) having a predetermined 
diameter. 
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optical birefringent fiber (148) on said bobbin 
holder (147) by an adhesive (149); 

immersing said bobbin holder (147) in res- 
in solution (150); and 

removing said bobbin holder (147) from 
said resin solution (150) and then placing the re- 
moved bobbin holder on a base plate (151). 



8. An apparatus for inspecting a polarizer, compris- 
ing: 25 

optical means (204, 226) for introducing a 
variable phase difference between two polarized 
wave components of linearly polarized light 
crossing at right angles and for giving a variable 
rotation of a plane of polarization between said 30 
two polarized wave components; and 

means for calculating an extinction ratio of 
the polarizer (210) from a ratio of the maximum 
and minimum values of a light intensity of said lin- 
early polarized light transmitted through an in- 35 
spection sample including said polarizer (210). 

9. An apparatus as set forth in claim 8, wherein said 
polarizer comprises an optical fiber type polarizer 
(210). 40 

10. An apparatus for fabricating an optical fiber type 
polarizer, comprising: 

a supply drum (142) for feeding an optical 
birefringent fiber (1 43); and 45 

a bobbin holder (146) on which said optical 
birefringent fiber (143) fed by said supply drum 
(142) is wound; 

said birefringent fiber(143) having a slack- 
ened portion (C) between said supply drum (1 42) so 
and said bobbin holder (146). 



11. A method of fabricating an optical fiber type po- 
larizer, comprising the steps of: 

winding an optical birefringent fiber (148) 
on a bobbin holder (147), the fiber having a wind- 
ing start and a winding end; 

fixing said winding start and end of said 
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(g) Optical fiber type polarizer. 

(57) An optical fiber type polarizer comprising an 
optical birefringent fiber (121, 128) having a 
winding start and a winding end, the birefrin- 
gent fiber being wound at a predetermined 
radius and the winding start and end being 
fixed by an adhesive (122), a first optical fiber 
(49) being fusion connected to a short extra 
portion extending from said winding start, and a 
second optical fiber (50) being fusion connec- 
ted to a short extra portion extending from said 
winding end. 
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